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Abstract 
Background  
Previous  studies  in  the  literature  have  shown  significant  variations  in  colonoscopy 
performance,  even when medical factors are taken into account. This  study aimed to 
examine the role of non medical factors (i.e. embodied in health care system design) as 
possible contributors to variations in colonoscopy performance. 
Methods 
We used patient data from a multicenter observational study conducted between 2000 and 
2002 in 21 centers across 11 western countries. Variability was captured through two 
performance  outcomes  (diagnostic  yield  and  colonoscopy  withdrawal  time),  jointly 
studied as dependent variables using a multilevel two equation system.  
Results  
Results  showed  that  open access  systems  and  high volume  colonoscopy  centers  were 
independently  associated  with  a  higher  likelihood  of  detecting  significant  lesions  and 
higher withdrawal durations. Fee for service (FFS) payment was associated with shorter 
withdrawal  durations,  and  had  an  indirect  negative  impact  on  the  diagnostic  yield. 
Teaching centers exhibited lower detection rates and higher withdrawal times.  
Conclusions 
Our  results  suggest  that  gate keeping  colonoscopy  is  likely  to  miss  patients  with 
significant  lesions  and  that  developing  specialized  colonoscopy  units  is  important  to 
improve performance. Results also suggest that FFS may result in a lower quality of care 
in colonoscopy practice and highlight that longer withdrawal times do not necessarily 
mean higher quality in teaching centers.    
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INTRODUCTION 
Colonoscopy is widely used for the diagnosis and treatment of colonic disorders. In most 
adult patients with bowel problems and iron deficiency anemia, it is the preferred method 
of  colon  evaluation  and  is  recognized  as  one  of  the  most  effective  methods  when 
screening for colorectal cancer and adenomatous polyps in asymptomatic patients over 
the age of 50 as well as in younger patients at increased risk
1,2. 
 
However  significant  unexplained  variations  in  colonoscopy  performance  have  been 
reported
3 6 among endoscopists, remaining  even when medical factors such as patient 
characteristics, physician characteristics and the procedure’s technical aspects
3 are taken 
into account. To date no studies have provided evidence on how non medical factors (i.e. 
embodied in health care system design) might account for the remaining variance. This 
study aimed to do exactly that. 
 
To monitor colonoscopy performance, we used  previous research
3 and employed two 
performance  indicators:  diagnostic  yield  (i.e.  detection  of  a  significant  lesion)  and 
colonoscopy  withdrawal  time  (i.e.  duration  during  which  inspection  is  primarily 
performed). We examined the impact of four non medical factors on these two measures 
as follows: 
(i) Colonoscopy volume at the center: It is known that colonoscopy technique improves 
with practice
7,8. Hence one might expect high volume centers to be associated with higher 
detection rates and longer withdrawal times.    
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(ii) Physician payment mechanism (fee for service  FFS  versus salaried): FFS systems 
pay physicians a fee for each item or unit of care they provide. A salaried physician 
receives a lump sum salary for a specified number of hours per week per year. One would 
expect health care agents to respond to financial incentives inherent in payment systems
9. 
Theoretical  and  empirical  research  in  other  therapeutic  areas  suggests  that  shorter 
procedure durations could be expected in FFS systems
10 and these results might also be 
expected to hold for withdrawal times. Most importantly, the existing literature provides 
inconsistent  results  on  whether  the  quality  of  care  is  different  in  FFS  and  salary 
systems
11. Our results may help further the understanding of the relationship between 
mode of payment and quality of care, as expressed by the procedures’ performance. 
 (iii) Mode of access to the procedure (“open access” versus “gatekeeping”): open access 
colonoscopy allows physicians to directly schedule patients for the procedure without 
prior consultation. In gatekeeper systems, patients are scheduled for colonoscopy only 
after  prior  consultation  with  a  gatekeeper  physician  (see  appendix  for  a  precise 
description of access to colonoscopy in open access and gatekeeping systems). Little is 
known  about  whether  gatekeeping  has  any  impact  on  quality  of  care  whatever  the 
medical condition
12 and one might expect that that gatekeeping limits access. In the case 
of colonoscopy, this restriction may be seen as positive, with only higher risk patients 
being referred for colonoscopy. In this situation one could expect higher detection rates to 
be  associated  with  longer  withdrawal  times  in  gatekeeper  systems.  However,  strict 
selection criteria prevailing in gatekeeping systems might instead be seen negatively, as 
patients
5 with a significant and potentially treatable colonic pathology could be missed,    
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thus  reducing  detection  rates  and  withdrawal  times.  Our  study  investigates  whether 
gatekeeping has a positive or negative impact on the performance of the procedure. 
(iv)  Center  teaching  status  (teaching  versus  non teaching).  Evidence  exists  in  other 
therapeutic  areas  that  teaching  centers  achieve  better  care  than  their  non teaching 
counterparts
13 15  but  it  is  unclear  how  this  benefit  is  achieved.  If  we  consider 
colonoscopy, the center’s teaching status might reflect the amount of care provided. If 
junior colonoscopists are being taught during the procedure, the overall quantity of care 
provided may be less, thereby resulting in a possible negative impact on diagnostic yield. 
Also, teaching activities might lengthen the procedure duration including the withdrawal 
time.  
Another major contribution of our study is the use of econometric methods able to jointly 
handle the two performance indicators, thereby taking possible interactions between both 
outcomes into account. In particular, we controlled for the possibility that unobserved 
factors might have a positive impact on both the probability of having a significant lesion 
and on withdrawal duration. We employed patient data from the EPAGE multicenter 
observational study, conducted in 21 centers across 11 western countries. 
 
METHODS 
The EPAGE study 
The EPAGE study was carried out between December 2000 and February 2002 in 21 
centers  across  10  European  countries  (Czech  Republic,  Denmark,  France,  Germany, 
Great  Britain,  Italy,  Poland,  Spain,  Sweden  and  Switzerland)  and  Canada.  It  was    
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observational and prospectively included patients scheduled for colonoscopy. Each center 
was requested to include 300 consecutive patients thereby preventing patient selection. 
Patient  and  procedure  data  were  collected  using  patient specific  questionnaires, 
completed by the endoscopists. Center related data were collected using center specific 
questionnaires,  completed  by  the  head  of  each  participating  endoscopy  center.  The 
required  ethics  committee  approval,  according  to  country specific  regulations,  was 
obtained before study commencement. Further information on the design and results of 




Patient  characteristics  examined  included  demographics,  health  status,  type  of  care 
(inpatient  or  outpatient),  the  date  of  any  previous  colonoscopy,  the  specialty  of  the 
referring  physician  (if  any)  and  examination  indications.  Colonoscopy  characteristics 
examined included extensive information concerning the procedure execution in terms of 
techniques  used,  appropriateness,  as  defined  by  the  EPAGE  panel  using  the  Rand 
appropriateness method
18, and performance. We used two performance measures. The 
first was the detection  of cancer or  adenomatous polyps during the  examination. We 
constructed a dichotomous dependent variable which indicated whether the procedure 
detected at least one significant lesion. The second measure was withdrawal time. This 
latter  was  defined  as  the  time  duration  from  cecal  identification  to  withdrawal  of 
colonoscope  from  the  anus.  It  included  the  time  taken  for  maneuvers  such  as 
polypectomy,  performed  during  the  withdrawal  phase  of  the  examination.  Recent 
research supports the belief that a minimum adequate colonoscopy withdrawal time can    
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be equated with the performance of the colonoscopy, in that longer withdrawal times may 
indicate careful inspection of the colorectal mucosa, leading to higher detection rates
3. 
 
Center  characteristics  examined  included  the  yearly  volume  of  colonoscopies, 
endoscopist  method  of  payment  (FFS  or  salary),  mode  of  access  to  the  procedure 
(gatekeeper  or  open  access)  and  the  center’s  teaching  status  (teaching  versus  non 
teaching).  
 
Furthermore, national health expenditure data were extracted for each country from the 
2007 OECD Health Data Base and expressed as a percentage of the GDP. This variable 
was used to represent country specific characteristics. 
 
Study population 
As diagnostic yield was used as one of the two performance indicators, we excluded the 
procedures  whose  primary  goals  were  therapeutic  from  the  study  population. 
Furthermore, only completed procedures (both caecum and terminal ileum reached) were 
included as withdrawal time was used as a performance indicator. This has already been 




The econometric analysis aimed at identifying the impact of non medical factors on both 
the diagnostic yield and withdrawal time. The unit of analysis was the patient (i.e. the 
colonoscopy).  Non medical  factors  were  embodied  in  center specific  institutional    
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characteristics. The empirical analysis comprised two main features. First, the data had a 
multilevel structure as patients were nested within centers. Hence, it was possible that 
medical  procedures  conducted  in  the  same  center  might  be  correlated.  Second,  we 
handled  two  performance  indices  simultaneously,  the  first  (withdrawal  time)  being 
expected to have a direct impact on the second (diagnostic yield)
3. 
 
Although  multilevel  models  are  common  in  the  field  of  medical  practice  variation
20, 
studies  on  hierarchical  models  using  multiple  outcome  measures  are  scarce.  In  the 
context of profiling the quality of care provided by different groups of physicians, most 




In our study, both one linear and one non linear multilevel equation were investigated. 
Let  ij ϑ represent the withdrawal time for patient i in center j.  ij Y denotes the diagnostic 
yield for patient i in center j:  1 ij Y = when a significant lesion was found during the exam, 
0 ij Y =   otherwise.  We  proposed  to  capture  unobserved  heterogeneity  among  centers 
through  a  random effects  specification  and  to  estimate  the  following  two equation 
system:  
1 1 1 1 1 1
*
2 2 2 2 2 2 2
ij ij j j ij
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We assumed that  ij θ was determined by a set of exogenous variables  j Z  and  ij X1 , and 
that 
*
ij Y was simultaneously determined by  ij θ  and a set of exogenous variables  j Z  and 
ij X2 .  j Z   was  a  vector  of  the  non medical  variables.  ij X1   and  ij X2 were  vectors  of 
variables  incorporating  patient  characteristics  (listed  in  Table  1),  technical  aspects  of 
colonoscopy (listed in Table 3) and physician dummies. The identification of the model 
relied on valid instruments
23, i.e. exclusion restrictions in the diagnostic yield equation.  
 
Note that the recursive system (1) (only one endogenous variable appearing on the right 
hand side of the other equation) implies that the withdrawal duration has a direct impact 
on diagnostic yield, while this latter has an indirect impact on the former, passing through 
the correlation between the residuals of both equations (third factor endogeneity). Indeed, 
the diagnostic yield itself is only known after the biopsied tissue is analyzed and thus 
cannot directly impact on withdrawal duration. The two equation system controls for the 
fact that unobserved variables may exist which are correlated with one another and so 
might simultaneously increase both the probability of finding a significant lesion and the 
withdrawal time. As the random effects structure implies that error terms are decomposed 
into two parts
20, the correlation is induced either by the correlation between individual 
specific residuals  1ij v  and  2ij v  (perhaps capturing the presence of colorectal cancer etc.) 
or by that between center specific disturbances  1j u  and  2 j u  (perhaps capturing working 
conditions, managerial style etc.).    
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The joint evaluation of the entire system of equations was based on the full information 
maximum  likelihood  estimator.  The  random effects  linear probit  equation  system 
required specific programming and was executed by Gauss software
24. 
 
Joint  estimations  were  run  on  the  total  study  population  and  on  the  subsample  who 
underwent first time screening colonoscopies.  
 
RESULTS 
Population and procedure characteristics  
A  total  of  6,004  patients  were  enrolled  during  the EPAGE  study.  The  mean  number 
enrolled per center was 291 (range: 185   343). Overall 4,943 patients had a complete 
colonoscopy performed for non therapeutic purposes. Of these latter, 49.2% were men, 
the mean age was 57.0 years and 21.9% had major health problems (ASA class III V). 
Major  indications  included  surveillance  after  polypectomy  (19.0%),  hematochezia 
(15.9%),  uncomplicated  lower  abdominal  pain  (12.7%)  and  screening  (11.6%).  Four 
hundred  and  twelve  patients  underwent  first  time  screening  procedures.  Patient 
characteristics are summarized in Table 1.  
 
Table 2 shows that significant cancer or adenomatous polyp lesions were found in 18.4% 
[5.8% 30.2%] of examinations over all centers. The diagnostic yield was only slightly 
smaller (16.7%) in the population who had first time screening colonoscopy. There were 
also large disparities with respect to withdrawal times in the study population. The mean    
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withdrawal  time  was  9.7  minutes  (±7.4).  The  overall  mean  withdrawal  time  for 
examinations in which no significant lesion was found was 8.6 minutes (±6.1) compared 
with 14.5 minutes (±10.5) in procedures where a significant lesion was detected. There 
were also large variations among centers in terms of total colonoscopy duration. Mean 
duration of the procedure was 22.8 minutes (±13.3).  
 
Table 3 provides information concerning the execution of the procedures.  
 
Center characteristics 
Center characteristics are summarized in Table 4. They express observed institutional 
heterogeneity  among  centers.  Centers  differed  greatly  in  terms  of  the  number  of 
procedures  carried  out,  with  a  yearly  mean  of  1913 (range:  400  –  5800).  Physicians 
received a salary in all but six centers, FFS payment being prevalent in these latter. Open 
access colonoscopy was practiced in 13 centers while gatekeeping was prevalent in 8. 
Sixteen centers were involved in teaching junior colonoscopists while the others were 
non teaching. Table 4 also reports the percentage of patients with major health problems 
(ASA  III V)  by  type  of  center.  This  percentage  was  significantly  higher  in  teaching 
centers.  However,  patient  health  status  was  not  significantly  different  between  open 
access and gatekeeping centers or between FFS and salary payment systems. Neither did 
patient health status significantly differ between high volume and low volume centers. 
Regarding the type of physician referring patients for colonoscopy in the EPAGE study, 
in gatekeeping centers, 74.2% were gastroenterologists, while only 10.7% were general 
practitioners or internists and 15.1% other types of physicians. This suggests that a pre    
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assessment consultation took place in most of the cases. On the contrary, in open access 
systems, the majority of patients (51%) were referred by a general practitioner or an 
internist,  31%  were  referred  by  a  gastroenterologist  and  the  remaining  18%  were 
admitted either without referral or after being referred by another type of physician. This 
is in line with the access pattern described in the appendix. 
 
The impact of non-medical factors 
Regression results are displayed in Table 5. The first two columns display the results on 
the study population. We reported the coefficients of the estimation in the withdrawal 
equation and the partial effects in the yield equation. The conditions for identification of 
this  model  were  met.  The  type  of  care  (inpatient  versus  outpatient),  the  use  of 
fluoroscopy  and  the  difficulty  of  the  examination  were  significant  in  the  withdrawal 
equation but not in the diagnostic yield equation and were consequently excluded from 
the  latter.  Moreover,  a  Sargan  test  performed  on  the  corresponding  linear  probability 
model led to a non rejection of the null hypothesis that these instruments were valid. 
 
With regard to the diagnostic yield equation, adjusting for patient and technical related 
variables, gatekeeping and teaching activity were significantly negatively correlated with 
the  diagnostic  yield.  On  average  the  probability  of  detecting  a  significant  lesion  was 
respectively  8.1%  and  4.7%  less  for  gatekeeping  systems  and  teaching  centers.  The 
probability  of  detecting  significant  lesions  was  significantly  higher  in  high  volume 
centers (on average +3.1% per 1000 colonoscopy increase). Physician payment type was 
not significantly associated with the diagnostic yield. After adjusting for demographic    
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and technical related variables, colonoscopy withdrawal times were significantly longer 
in  teaching  centers  (+1.79  minutes  per  procedure)  and  high  volume  centers  (+2.14 
minutes  per  1000  colonoscopy  increase).  Gatekeeping  and  FFS  approaches  were 
significantly  associated  with  shorter  withdrawal  times,   2.37  and   3.1  minutes 
respectively.  Furthermore,  longer  withdrawal  time  was  shown  to  be  significantly 




The models were run without center characteristics to show the effects of including non 
medical variables. For the withdrawal time equation, the Fisher test concluded that center 
characteristics accounted for a significant amount (32%) of the total variation measured 
in the colonoscopy withdrawal time. With respect to the yield equation, the likelihood 
ratio test was used to compare the restricted and unrestricted models. The difference was 
significant, suggesting that center variables significantly improved the model. 
 
Center specific error terms  1j u and  2 j u were significant for both the withdrawal time and 
diagnostic  yield  equations.  Furthermore,  the  correlations  between  center specific  and 
individual  error  terms  turned  out  to  be  positive  and  significant,  suggesting  that 
unobserved center specific and patient or procedure related factors positively influence 
both withdrawal time and the diagnostic yield.  
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The  estimations  run  on  the  subsample  of  those  who  underwent  first  time  screening 
colonoscopy (columns three and four of Table 5) provide results that are slightly less 
precise but not qualitatively different from those obtained for the whole study population.  
 
The impact of other covariates 
As far as other explanatory dimensions are concerned, the impact observed in our study 
of most of the colonoscopy’s technical aspects was to be expected. In particular, the use 
of  more  complex  procedures  and  interventions  carried  out  during  the  investigation 
significantly increased the withdrawal time. Colonoscopy with biopsy and colonoscopy 
with  polypectomy  were  significant  predictors  of  longer  withdrawal  times  and  of 
diagnostic  yield.  Procedures  judged  non difficult  by  the  endoscopist  had  shorter 
withdrawal  times.  Not  surprisingly,  the  diagnostic  yield  was  higher  when  the 
colonoscopy was performed for an appropriate indication. Furthermore, detection rates 
were  significantly  higher  in  men  than  in  women,  as  previously  described  in  other 
studies
25.  However,  neither  sedation  nor  quality  of  colon  cleansing  was  significantly 
associated with withdrawal time or diagnostic yield, something which does not reflect 
results  from  recent  research
26.  Finally,  longer  withdrawal  times  were  observed  in 
countries where health care expenditures as a share of GDP were higher. However, there 
was no direct impact of health care expenditures on diagnostic yield. 
 
DISCUSSION AND CONLUSION 
The major contribution of our study is to highlight the role of non medical factors as 
contributors to variation in colonoscopy performance. First, our results highlighted that    
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high volume centers were associated with more significant diagnosis and with longer 
withdrawal times. These concomitant effects can be accounted for by the high practice 
levels which only high volume centers are able to reach. This training effect (“practice 
makes  perfect”)  assumption  has  been  emphasized  in  many  studies  to  account  for  the 
association between volume and outcome
27. Patients, insurers and policy makers look 
increasingly to provider volume as a surrogate indicator for quality of care
28. Our results 
confirm  that  this  approach  may  also  be  important  for  colonoscopy,  supporting  the 
argument for large specialized centers instead of small gastroenterology units. Note that 
our results are based on adjustment for case mix variables and therefore are not affected 
by a continuing major objection against the validity of existing literature examining the 
relationship between volume and outcome
29. Furthermore, we considered the possible 
reverse causality between colonoscopy volume and quality, that is to say the fact that 
higher quality colonoscopy centers may attract more clients, which in turn increases their 
procedure volume. We estimated an instrumental variable model for the withdrawal time 
and diagnostic yield equations, using the size of the population treated at the center as an 
instrument. The assumption of exogeneity of the colonoscopy volume variable was not 
rejected showing that our results were not biased by any possible reverse causality. It 
would be interesting to quantify the gains in efficiency which might be expected from 
larger colonoscopy centers. One cannot exclude the possibility that some well informed 
patients may prefer a lower quality of care locally instead of traveling to a distant high 
volume center
30. One may also wonder whether there is an optimal size for colonoscopy 
centers. 
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Second,  colonoscopy  withdrawal  times  were  significantly  shorter  for  endoscopists 
working in a FFS payment system ceteris paribus and the mode of payment was not 
associated with the diagnostic yield. Results on withdrawal time can be interpreted as an 
incentive effect associated with the mode of payment: In FFS systems, physicians may 
perform more colonoscopies per day, thereby making each  colonoscopy shorter. This 
confirms  the  findings  of  other  studies  which  show  that  FFS  may  result  in  shorter 
procedures
9. Although the lesion detection rate was not directly significantly influenced 
by the type of payment, there may have been an indirect negative impact of FFS on 
diagnostic yield arising from the withdrawal time. Altogether these results suggest that 
FFS may induce a lower quality of care in the context of colonoscopy. 
 
Third, gate keeping systems were independently associated with a lower probability of 
detecting significant lesions and shorter withdrawal times. This trend is attributable to a 
negative  selection  effect.  The  correlation  between  the  mode  of  access  and  the  ratio 
between the number of colonoscopies performed at a center and the patient population 
treated there per year, confirms that gatekeeping systems limit access to the procedure. In 
the EPAGE study, 0.76% and 0.58% of the patients treated underwent a colonoscopy in 
open access and gatekeeping centers respectively. The difference is significant at the 5% 
level.  Our  results  suggest  that  gatekeeping  systems,  through  the  application  of  strict 
selection  criteria,  may  miss  patients  with  significant  and  potentially  treatable  colonic 
pathologies. In this respect, some authors
6 are in favor of open access colonoscopy for 
screening in healthy patients. Our results strongly reinforce this approach. Another point 
for  further  investigation  is  whether  gatekeeping,  which  reduces  the  likelihood  of    
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detecting significant lesions, saves on resources. Our data suggest that the percentage of 
referrals is smaller in gatekeeping systems. Hence it could be interesting to compute the 
costs of open access and gatekeeping systems respectively, identifying to what extent 
patient selection gives a cost effective intervention level. In this way one could evaluate 
areas  where  open  access  may  not  be  cost  effective.  The  current  literature  in  other 
therapeutic areas suggests that restricting access to specialists through gatekeeping does 
not significantly reduce specialist referrals and is not necessarily cost effective 
31,32.  
 
Fourth,  we  showed  that  colonoscopy  withdrawal  times  were  significantly  longer  in 
teaching centers. However, the likelihood of detecting a lesion was significantly lower 
there ceteris paribus. These results confirm that the teaching of junior colonoscopists 
lengthens the withdrawal time for teaching purposes. Furthermore, the results show that, 
for equal withdrawal times, the amount of care provided might be less in teaching centers 
than in their non teaching counterparts. Additional regressions run on the subsamples of 
teaching  and  non teaching  centers  suggest  that  the  marginal  effect  of  increased 
withdrawal time on the probability of detecting a significant lesion was on average lower 
in teaching centers (0.3% per additional minute versus 0.8%). Our results have major 
policy  implications.  Although  the  efficiency  of  teaching  centers  is  lower,  one  cannot 
evaluate teaching and non teaching centers in the same way, as the former not only carry 
out procedures but also invest in training. 
 
It is important to stress that our results were maintained for the subsample of first time 
screening  colonoscopies.  This  subsample  analysis  was  important  for  comparative    
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purposes  because  previous  studies  have  mostly  examined  the  relationship  between 
withdrawal time and adenomas or advanced adenomas in patients undergoing first time 
screening  examinations
5,19.  Indications  in  our  study  not  only  included  “Screening  for 
Colorectal  Cancer”  but  also  “Hematochezia”,  “Uncomplicated  Abdominal  Pain”  and 
“Surveillance After Polypectomy”. This mixture could make results’ interpretation more 
difficult.  Note  that,  when  the  study  was  carried  out,  screening  colonoscopy  was  not 
reimbursed by basic insurance in some of the countries and consequently the study most 
probably  under reported  this  indication.  Consequently,  the  distribution  of  indications 
should be regarded with caution. However, this possible effect does not jeopardize the 
results of the study on non medical factors. 
 
Additional data would have been helpful in understanding the residual variance in the 
estimations. In particular, patient data such as weight, height or waist circumference were 
not  collected
33.  Other  information  not  collected  but  which  could  have  been  useful 
included the patient’s bowel habits and certain psychological factors such as coping style 
and anxiety, which are known to have an impact on the ease of the procedure. Little 
information  was  available  concerning  endoscopists,  the  regressions  only  including 
physician  dummies  referring  to  the  endoscopist  performing  the  procedure.  Neither 
individual income data nor information as to whether endoscopists worked privately in 
addition to their hospital duties, was collected.  
 
In this work, we studied two performance indicators jointly, thereby controlling for the 
biases induced by the interactions between both. The results confirmed previous research    
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suggesting  that  withdrawal  time  has  a  positive  effect  on  diagnostic  yield  and  the 
correlations between residuals of both equations were significant, thus defending  our 
two equation approach. We also considered using center average withdrawal time as a 
predictor  of  diagnostic  yield  rather  than  the  actual  time  in  each  specific  case  as  an 
alternative way of resolving the endogeneity of withdrawal time. However, the average 
withdrawal  time  was  not  significant  in  this  single equation  approach,  thus  giving 
additional support to our two equation approach. Furthermore, it should be acknowledged 
that  our  results  were  not  qualitatively  different  when  taking  into  account  potential 
selection biases due to the fact that we restricted our analysis to completed colonoscopies. 
This was performed using a three equation system (adding a third equation to account the 
factors associated with completed colonoscopy Data available on request). 
  
Studying the factors associated with the diagnostic yield and the withdrawal time of the 
procedure, we raised the major issues of colonoscopy performance increasingly being 
discussed in western countries because of the rapidly rising demand for colonoscopy as a 
screening procedure. This is especially pertinent in the context of North America where 
colorectal cancer is now the second largest cause of  cancer death
34. The demand for 
colonoscopy is often perceived as potentially overwhelming there. For example, current 
guidelines (enactment of federal law in the United States, effective July 1
st 2001, entitling 
Medicare  beneficiaries  to  a  screening  colonoscopy  every  10  years)  for  colonoscopy 
screening  could  require  as  many  as  7.7  million  American  people  to  undergo  a 
colonoscopy each year
35. Only 4.4 million procedures were performed in 1999. In this 
context,  managing  quality  related
36  problems  is  crucial.  There  has  been  increasing    
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recognition  that  colonoscopy  may  not  always  succeed  in  detecting  important  colon 
pathology
37. This may result in the future overuse of colonoscopy because of growing 
concern  about  finding  serious  pathological  features  in  subsequent  examinations.  This 
overuse would consume valuable colonoscopy resources, drive up health care costs and 
expose patients to unnecessary risk.  
 
In  conclusion,  our  study  adds  to  the  extensive  literature  about  non medical  factors 
influencing medical performance by focusing on the specific case of colonoscopy. Open 
access  is  more  likely  to  detect  significant  lesions  and  is  associated  with  longer 
withdrawal times. High volume centers exhibit higher detection rates together with longer 
withdrawal  times,  suggesting  that  they  should  be  favored.  FFS  systems  may  be 
problematic as they tend to be associated with shorter withdrawal durations and so may 
have an indirect negative impact on the diagnostic yield. Our results, relying on a two 
equation  estimation,  also  confirm  that  detection  rates  and  withdrawal  time  are 
significantly associated ceteris paribus, thus confirming previous preliminary findings
3 
based  on  single equation  approaches.  However  our  results  also  highlight  that  longer 
procedures do not necessarily mean higher quality, as in the specific setting of teaching 
centers which are involved in the training of junior endoscopists. Hence, the results of the 
present study highlight the non medical sources for improved performance. A dedicated 
colonoscopy unit may balance out the advantages and costs of each solution. Further 
research is crucially needed, both in clinical and economic literature, in order to reach 
firm policy conclusions.    
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Appendix  
OPEN ACCESS COLONOSCOPY 
In  practice,  in  open access  systems  patients  can  access  colonoscopy  either  directly 
without physician referral or can be referred for colonoscopy by any physician (general 
practitioner, internist or specialist), the latter being the most common situation. Usually, 
patients go to their primary care practitioner (PCP) because of either abdominal pain or 
rectal bleeding. At this point, the PCP prescribes the colonoscopy. The endoscopic center 
schedules the appointment and a pre procedure bowel preparation (4 liters of liquids the 
day before), so that the patient will go to the center for the first time on the day of the 
examination after already having had the bowel preparation. At this point, immediately 
before the procedure, the patient may be visited by the endoscopist. However, since the 
patient  has  already  had  the  bowel  preparation,  the  examination  will  be  performed 
irrespectively of whether the endoscopist deems the indication appropriate or not. 
 
GATEKEEPING SYSTEM: The patient showing symptoms is usually referred by the 
gatekeeper PCP to a gastroenterologist. In this case, the gastroenterologist decides, during 
the visit (pre assessment consultation), whether or not a colonoscopy is required. If it is, 
he/she  will  make  the  appointment  for  the  patient  who  will  in  turn  have  the  bowel 
preparation after having talked to the specialist. This results in patients being mostly 
referred to colonoscopy by gastroenterologists in gatekeeping systems.    
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Table 1: Patient characteristics (n = 4943) 
 
Variables  All 
observations 
Among centers 
  MIN      MAX 
AGE (mean, std)  57.0 (15.8)  52.0  61.7 
MALE (%)  49.2%  42.1%  58.5% 
HEALTH STATUS (%) 















PREVIOUS COLONOSCOPY (%)  37.4  10.6  53.4 
MAIN INDICATIONS FOR COLONOSCOPY 
Colorectal cancer screening (%) 
Hematochezia (%) 
Uncomplicated Lower Abdominal Pain (%) 
















*American Society of Anesthesiologists (ASA)  
Definition of ASA Status: 
Class I     Normal, Healthy 
Class II                Patient with mild systemic disease 
Class III   Patient with severe systemic disease 
Class IV   Patient with severe systemic disease that is a threat to life 
Class V                Moribund patient who is not expected to survive without the operation 
Class VI               A declared brain dead patient whose organs are being removed for donor purposes. 
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Table 2: Colonoscopy Performance (n = 4943) 
 
  All 
centers 
Among centers 
  MIN      MAX 
n 
SIGNIFICANT LESION (DIAGNOSTIC YIELD) (%) 
 
SIGNIFICANT LESION FOR PATIENTS UNDERGOING 



















WITHDRAWAL TIME (MEANS) 
 
WITHDRAWAL TIME FOR PATIENTS UNDERGOING 
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Table 3: Technical aspects of colonoscopy (n = 4943) 
Variables  All 
centers 
Among centers 
  MIN      MAX 
 








































Difficulty of colonoscopy (1 – 6 scale, by 
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Table 4: Center characteristics (n = 21) and patient health status by center characteristics 
 
Number of centers and 
colonoscopies by center 
characteristics 





(n = 21) 
Number of 
colonoscopies 
(n = 4943) 
% patients with 
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Table 5: Nested data two equation system 
COLONOSCOPY WITHDRAWAL EQUATION  Studypopulation
b 
(n=4943) 
First time screening 
colonoscopy (n=412) 
  Coef  P>| z|  Coef  P>| z| 
Age  0.01  0.77  0.02  0.87 
Male   0.32  <0.01   0.12  0.12 
Major health problems (ASA III IV)  0.04  0.83  0.25  0.87 
Inpatient patient    0.45  0.04   1.02  0.06 
Previous colonoscopy  0.62  0.10  0.45  0.12 
Indication for Colonoscopy: Screening for Colorectal Cancer   0.66  0.13       
Indication for Colonoscopy : Hematochezia   0.63  0.24       
Indication for colonoscopy : Uncomplicated Abdominal Pain   0.42  0.21       
Indication for colonoscopy : Surveillance after Polypectomy  0.02  0.12       
Quality of colon cleansing : completely clean or clear liquid aspired   0.25  0.33  0.09  0.76 
Deep sedation  2.07  0.12  1.01  0.15 
Use of fluoroscopy  0.40  <0.01  0.24  0.06 
Biopsies taken  3.80  <0.01  2.34  0.07 
Polypectomy Performed  5.10  <0.01  4.23  0.05 
Presence of a 2
nd endoscopist   2.90  <0.01  2.72  0.02 
Difficulty (1  6 scale by ascending degree of difficulty)  0.40  <0.01  0.53  0.06 
Appropriate colonoscopy  0.20  0.38  0.18  0.56 
Center colonoscopy volume / 1000  2.14  0.03  2.65  0.06 
FFS payment system   3.1  <0.01   4.86  <0.01 
Access to endoscopy : gatekeeping system   2.37  0.02   2.15  0.05 
Teaching center  1.92  <0.01  1.22  0.04 
Health care expenditure (%GDP) in the country/10  1.80  <0.01  1.38  <0.01 
Constant   2.70  <0.01   4.6  0.08 
Sigma_u1  6.5
a    1.15
a   
DIAGNOSTIC YIELD EQUATION  dF/dx  P>| z|  dF/dx  P>| z| 
Age  0.01  <0.01  0.01  <0.01 
Male*  0.04  <0.01  0.03  <0.01 
Major health problems (ASA III IV) *   0.01  0.37   0.01  0.67 
Previous colonoscopy*  0.02  0.28  0.02  0.58 
Indication for Colonoscopy: Screening for Colorectal Cancer*  0.03  0.17       
Indication for Colonoscopy : Hematochezia*  0.06  <0.01       
Indication for colonoscopy : Uncomplicated Abdominal Pain*  0.01  0.65       
Indication for colonoscopy : Surveillance after Polypectomy*  0.03  0.04       
Quality of colon cleansing : completely clean or clear liquid aspired*  0.002  0.83  0.002  0.72 
Deep sedation*  0.02  0.42  0.02  0.32 
Biopsies taken*  0.10  0.05  0.07  0.06 
Polypectomy Performed*  0.02  0.05  0.02  0.05 
Appropriate colonoscopy*  0.03  <0.01  0.03  <0.01 
Withdrawal time  0.04  <0.01  0.04  <0.01 
Center colonoscopy volume / 1000  0.03  <0.01  0.03  <0.01 
FFS payment system*  0.02  0.37  0.02  0.26 
Access to endoscopy : gatekeeping system*   0.08  <0.01   0.06  <0.01 
Teaching center*   0.05  <0.01   0.04  <0.01 
Health care expenditure (%GDP) in the country/10  0.01  0.72  0.01  0.81 
Sigma_u2  0.22
a    0.12
a   
Covariance between unobserved center effects  5.03  <0.01  3.27  <0.01 
Covariance between error terms  6.53  <0.01  4.17  <0.01 
asignificant , 
bPhysician dummies were included 
(*)dF/dx is for discrete change of dummy variable from 0 to 1; P>|z| is the test of the underlying coefficient being 0 
  